Introduction
Schizophrenia, a chronic and severe psychiatric disorder, impairs psychosocial functioning, significantly diminishes quality of life, and requires continuous, longterm antipsychotic treatment. 1, 2 Treatments should balance reducing psychotic and functional symptoms while minimizing treatment-induced adverse events (AEs). 3 While clinical trials and observational studies provide information on the frequency of symptoms and events, benefit-risk decisions also require judging the clinical impact of these outcomes. These value judgments have traditionally been based on a physician's perspective, 4 but there is increasing interest in using patient's input for clinical and regulatory decision-making. The US Food and Drug Administration (FDA) Center for Drug Evaluation and Research, 8 the European Medicines Agency, and Health Canada have taken steps to better understand and incorporate patient perspectives in benefit-risk evaluations. [9] [10] [11] The FDA Center for Devices and Radiological Health specifically recommended incorporating patient preference information into premarket review to inform benefit-risk assessment, 9, 12, 13 a view strongly endorsed by several patient advocacy groups and public-private partnerships. 14, 15 Previous preference studies in schizophrenia, performed with online panels of psychiatrists and patients, demonstrated that schizophrenia patients were capable of completing such surveys, 16, 17 and that both physicians and patients place greater importance on improvements in positive symptoms than on improvements in negative symptoms or in avoiding treatment-related AEs (weight gain, extrapyramidal symptoms [EPS] , hyperglycemia, and hyperprolactinemia). 18, 19 Patient adherence to oral antipsychotics was identified as an important factor in the assessment of oral versus injectable medicine formulations. [20] [21] [22] For example, in pilot studies using online panels of patients and physicians, respondents preferred long-acting injectables (LAIs) over daily oral antipsychotics for hypothetical patients with past nonadherence to antipsychotics, though patients preferred the oral formulation for patients with high prior adherence. 18, 19 An important open question is whether the results of these pilot studies are reproducible in different samples, and particularly, whether the online panel results accurately reflect the preferences of schizophrenia patients who meet the clinical trial inclusion/ exclusion criteria. 18, 19 This paper describes the results of preference surveys administered to trial participants and physician investigators during two phase-3, multinational clinical studies (NCT01515423 and NCT01529515) 23, 24 of paliperidone palmitate 3-month (PP3M) formulation, a LAI antipsychotic. The objective of these surveys was to quantify patient and physician preferences related to benefits and risks of antipsychotic treatments for schizophrenia, and to assess the impact of past patient adherence on the relative importance of treatment efficacy and formulation.
Methods
Two discrete-choice experiment (DCE) surveys, one for patients with schizophrenia and one for psychiatrists treating such patients, were incorporated into Trial-1 (NCT01515423) and Trial-2 (NCT01529515) as a prespecified exploratory end point requirement within the clinical protocols (Figures S1-S5 ). In both of these randomized double-blind multicenter trials, men and women, aged 18- The key exclusion criteria were as follows: primary, active DSM-IV diagnosis other than schizophrenia; significant risk of suicidal behavior; history of substance dependence within 6 months before screening; involuntary status in a psychiatric hospital at screening; history of neuroleptic malignant syndrome, tardive dyskinesia, or any malignancy in the previous 5 years, except for basal cell carcinoma. Detailed descriptions of the two trials have been published. 20, 21 These surveys were adapted from versions used in pilot studies conducted with patients and physicians sampled from online panels.
18,19

Preference surveys survey instruments
Design and testing of the surveys are described in the pilot studies. 18, 19 Briefly, DCEs offer a systematic way to elicit trade-offs and quantify the relative importance of treatment attributes 25 by asking respondents (physicians and patients) to evaluate which of the several hypothetical treatment profiles they judge to be more appropriate for a hypothetical patient in a series of choice questions. 19 Preferences were estimated by regressing treatment choices on the systematically altered features of each treatment profile. 26 The attributes were intended to incorporate aspects of treatment-related efficacy, safety, and mode of administration that patients and physicians take into account when choosing a therapy. The patient and physician surveys included analogous sets of attributes and levels, with labels adapted for each group of respondents. The first series of questions assessed the relative importance of three benefit attributes (improvements in positive symptoms, negative symptoms, and social functioning) and four risk (AEs) attributes (weight gain, EPS, hyperprolactinemia, and hyperglycemia). A second series of questions evaluated the effect of past patient adherence on preferences for the mode of administration (oral, 1-month LAI, 3-month LAI) and treatment efficacy. The physician survey also included the probability of EPS in the second series of questions. Each question in this series was asked with a primary and a follow-up question. 
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Antipsychotic physician/patient preference surveys were asked to choose between treatments that could be administered to an adherent patient, ie, by pill or by injection, where the efficacy varied between treatments. Second, they were given additional information about the hypothetical schizophrenia patient's past history of missing doses of oral medications and then asked to choose between the same medications. To lessen patient respondent burden, patient respondents were only asked this second question if they chose the oral formulation initially.
survey participants Physicians
English-speaking physicians who participated either as a principal investigator or as a subinvestigator in two clinical trials, and had direct contact with patients, were invited to complete the web-based preference survey. Invitations were sent ~3 months after their site opened, to allow physicians to have experience with a 3-month LAI. Physicians were excluded if their English skills were insufficient for the survey.
Patients
English-speaking patients enrolled at study sites in Englishspeaking countries (Australia, Canada, and the USA) in both trials were administered the survey on a tablet computer during a scheduled visit. Patients were asked to complete the survey at week 13 or later to allow treatment experience with a LAI.
sample requirements
Survey requirements were prespecified: respondents were required to complete at least one survey choice question and at least one response from each of the two columns (A or B) when all eight questions in the first set of tasks were completed. Additionally, patient survey duration of at least 7 minutes was prespecified for a valid attempt. If a patient survey did not meet the above-mentioned criteria, up to one retest was requested. Completed surveys that did not meet these requirements were excluded from the analyses.
The survey was administered during the maintenance phases of the trials; if the patient's condition was not stable enough (in the opinion of the investigator or site coordinator) to give sufficient attention to the survey during a scheduled visit, then the survey was scheduled for a subsequent visit. If the patient chose to withdraw from the study prior to study completion, then the patient was requested to complete the survey by the last visit, provided the study coordinator thought the patient would give the survey the required time and attention.
The survey and recruiting methods were approved by RTI International's Institutional Review Board. Development and testing of the surveys were conducted according to good research practices 25, 27 and involved key opinion leaders, physicians, and patients to ensure appropriateness of content. All patients were informed of their rights as survey participants. Patients provided an informed consent to participate in the survey by clicking "Yes, I agree to participate" in tablet devices. Physicians were exempt from providing informed consent.
statistical analysis
Responses to the first series of choice questions were analyzed using a random-parameters logit model, where the choice of treatment profile was dependent upon attribute levels, specified as categorical effect-coded variables. The model estimated relative preference weights and importance scores for all attribute levels included in the surveys.
Physicians' responses to the second series of choice questions were analyzed using a bivariate-probit model that jointly considered respondents' answers to the primary and follow-up questions and estimated attribute-level weights that maximized the likelihood of both answers by respondents. 26 For patients, preference weights for primary and follow-up questions were computed using separate probit models, and the standard errors for both the models were standardized to account for correlations between models post-estimation. Heterogeneity of the first set of preferences among predefined subgroups was examined using the Wald test. Physician subgroups included sex, region, years in practice, % of patients treated with LAIs, and perceived patient adherence. Patient subgroups included trial, age, baseline PANSS score, body mass index, employment status, previous experience with LAIs, and reported adherence.
Second-series preference weights were used to compute the mean maximum acceptable reduction in benefit that would offset increases in utility associated with changes in treatment formulation for hypothetical patients with different levels of past adherence. Both analyses were conducted using NLOGIT 4.0 (Econometric Software, Inc., Plainview, NY, USA).
The random-parameters logit and probit models produced unique preference weights for each attribute level. The difference between these weights for best and worst attribute levels can be interpreted as the overall mean relative importance associated with moving from the least preferred to the most preferred level of that attribute. 5, 7, 28 In this study, the highest mean relative importance score from each model 
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Katz et al was assigned a value of 10 and was used to scale the mean relative importance for each of the other attributes.
Results
Participant demographics Physicians
Invitations to complete the survey were sent to 588 physicians; 60 did not meet the eligibility criteria and 76 were excluded due to language issues. A total of 452 physicians in 27 countries completed the survey and answered at least one choice question; however, 14 physicians selected the same response (A or B) for all eight choice questions in the first series and were thus excluded, leaving 438 physician surveys with usable data. Most of the respondent physicians were men (n=255, 58.5%), and ~73% (n=318) had been practicing medicine for $10 years. The respondent physicians were from broad geographical regions (Table 1 ).
Patients
The patient survey was a protocol requirement. However, patients who withdrew or relapsed prior to week 13 of the trial "Preference" in these questions is meant in the convention sense and not as a formal measure of patient preference. Abbreviations: BMi, body mass index; n, number of respondents who answered question; n/a, not applicable; PAnss, positive and negative syndrome scale; sD, standard deviation; AA, African-American.
were not administered the survey. Thirty-eight patients did not meet the prespecified survey requirements on the initial test; of whom 5 refused a retest and 19 had usable retest data. A total of 219 patients from the two clinical trials completed the survey and answered at least one choice question. 
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Antipsychotic physician/patient preference surveys 219 respondents, five patients who selected the same response (A or B) for all eight choice questions were excluded. The majority of patients who participated in the survey were men (n=166, 77.6%) and African-American (n=123, 57.5%) with a mean age of 40.5 years (Table 1) , whereas the majority of trial patients were men (60%) and white (n=1,077, 60%) with a mean age of 38.4 years.
Benefit and risk trade-offs Physicians
Analysis of the first series of choice tasks indicated that physicians considered complete improvement in positive symptoms (from no improvement to very much improved) as the most important attribute (Figure 1 ) and was assigned an importance value of 10. Physicians appraised all remaining efficacy attributes (improved social functioning: 7.38; improved negative symptoms: 5.19) as more important than elimination of any of the side effects assessed (hyperglycemia: 2.38; EPS: 2.30; 15% weight gain: 1.61; and hyperprolactinemia: 1.59). Physicians valued total improvement in negative symptoms (no improvement to very much improved) as approximately half as important as total improvement in positive symptoms (Figure 1 ).
Patients
Analysis of the first series of choice tasks indicated that patients considered complete improvement in positive symptoms (from severe to none) as the most important attribute (relative importance: 10) and was four times as important as any other efficacy endpoint (improved negative symptoms: 1.74; improved social functioning: 0.82) or AE (no weight gain: 2.18; no hyperglycemia: 1.96; no hyperprolactinemia: 1.76) assessed in the survey (Figure 2 ).
There were no statistically significant differences between the estimated preferences for the first series of choice questions for any of the physician or patient subgroups.
effect of formulation and adherence Physicians
Physicians had higher preference for LAI over a daily pill (P,0.05) for both adherent and nonadherent patients ( Figure 3) . Physicians preferred the 3-month over 1-month LAI for patients with a history of skipping 20% (P=0.02) and 50% (P=0.003) doses.
In exchange for switching an adherent patient from a daily oral to a 1-month LAI, physicians would be willing to accept up to a 8.9% (95% confidence interval [CI]: 6.4-11.5) decrease 
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Antipsychotic physician/patient preference surveys in the percentage of patients with at least minimally improved positive symptoms (efficacy). For 20% nonadherent (missing 20% doses) and 50% nonadherent (missing 50% doses) patients, the maximum acceptable decrease in efficacy was 21.2% (95% CI: 17.3-25.0) and 35.6% (95% CI: 27.8-43.4), respectively. Similarly, in exchange to switching from a daily oral to a 3-month LAI, physicians would be willing to accept a reduction in efficacy of 9.8% (95% CI: 7.2-12.4), 25.4% (95% CI: 21.0-29.9), and .30% for adherent, 20% nonadherent, and 50% nonadherent patients, respectively. While the formal calculation of maximum acceptable risk for adherent patients yields 42.8% (95% CI: 33.3-52.4), because the survey only considered a range of efficacy from 20% to 50% chance of minimal improvement, it is not possible to state the maximum acceptable risk beyond this range of 30%.
Patients
The adherence choice tasks enquired about nonadherence at two levels: missing 20% and 50% of doses; there was no difference between these results, which were pooled and referred to as nonadherent.
For both adherent and nonadherent patients, both 1-month and 3-month LAIs were preferred to daily pills (P,0.05).
Differences in preference between 1-month and 3-month LAIs were not significant (Figure 4) . When adherence and efficacy were jointly assessed, respondents clearly valued increasing efficacy for a hypothetical adherent patient, ie, increasing the percentage of patients with mild versus severe positive symptoms. However, for a nonadherent patient, the differences in preference weights were very small, slightly disordered, and not statistically significantly different, suggesting that respondents saw little value in improvements in the probability of efficacy for nonadherent patients.
For a patient switching from a daily oral to a 3-month LAI, the maximum acceptable decrease in efficacy was 10.1% (95% CI: 6.1-14.1) for adherent patients. As patients placed no value on improving efficacy over the range assessed in the survey for a nonadherent patient, estimation of maximum acceptable decrease in efficacy was not possible to determine.
Discussion
An understanding of patient and physician priorities regarding treatment, and a patient's active involvement in selecting a disease management strategy, is important in regulatory decisions, in clarifying acceptable medical options, and in 
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Katz et al choosing an appropriate treatment. 12, 29 This is the first time a DCE for both patients and physicians has been successfully incorporated into a clinical trial, and it may play an important role in the assessments of patients' and physicians' preferences in future clinical studies.
Physicians and patients placed the greatest importance on improvement in positive symptoms. Although improvements in positive symptoms were the main feature that drove patients' preferences, physicians regarded total improvement in negative symptoms and social functioning as at least 50% as important as total improvement in positive symptoms. While the rationale behind the measured relative importance scores was not studied, one possible explanation is that patients may understand the dangers associated with severe positive symptoms, while physicians' first concern might be stabilizing a psychotic patient, considering that AEs are much more manageable by adjusting the dose and choice of antipsychotic.
In this survey, both physicians and patients preferred LAIs to a daily oral medication. Physicians judged LAIs superior to daily pills regardless of patient's degree of adherence (P,0.05), with greater preference for the 3-month over 1-month LAI for nonadherent patients. As adherence decreased, physician preference for the LAIs increased, and physicians would accept a decrease in efficacy in exchange for switching a patient from a daily oral to a LAI. Patients also preferred a LAI over a daily pill for both adherent and nonadherent patients, with no significant difference observed between 1-month and 3-month LAIs.
Patients were indifferent to changes in the probability of efficacy (mild vs severe positive symptoms) over the 20%-50% range, assessed when making judgments about nonadherent patients, while they regarded such changes as important for adherent patients. In contrast, physicians regarded improvements in the probability of efficacy as important, regardless of the adherence level. While the survey did not address the motivation behind their choices, these results suggest that patient's judge adherence as critical in treatment decisions. These results also indicate the importance of including adherence when conducting DCEs for indications where adherence is a known concern.
The findings of this study were comparable with those of pilot studies and other published studies. 18, 19, 30, 31 In those studies, respondents (physicians and/or patients) rated improvements in positive symptoms and social functioning as more important than improvement in negative symptoms and avoidance of AEs. 18, 19, 30, 31 Recent studies assessing patient and physician judgments about medications' benefits and risks have shown that both made treatment decisions primarily on the basis of improvement in positive symptoms. 19, 32 There were several important limitations of this study. This survey measured and quantified preferences across benefits, risks, and mode of treatment administration, but these studies typically do not study the rationale behind respondent decisions. Also, the survey was designed to allow respondents to interpret the attributes consistently and as intended. However, it is not possible to prove consistent interpretation by respondents. Evaluation of choice tasks could be cognitively difficult for respondents, although the training section of the survey provided details on attribute definitions and practice questions, and the same instruments have been used successfully in earlier studies. 18, 19 Additionally, stated preference confronts respondents with hypothetical scenarios, and the choices indicated by patients do not have the same impact as the actual decisions. Hence, there was a potential for hypothetical bias.
Additional limitations were constraints on cognition that restricted the number of end points and levels of those end points that could be considered simultaneously by survey respondents. For reasons given previously, 18, 19 the levels of social functioning did not include "no symptoms" or "complete cure" level unlike positive and negative symptoms. If the full range of social functioning were incorporated, it might have shown greater importance than negative symptoms. These surveys were not designed to address the question of whether judgments would change depending on the experience with a particular AE. The survey assessed judgment, which is distinct from personal preference or choice. Schizophrenia patients are very sensitive about revealing their personal information, and prior surveys demonstrated that such patients answer hypothetical questions about judgments more easily than preferences. 17 Formulating the questions as judgments also avoided confusion with patients' experiences and expectations about how treatments could affect their own emotional responses, encouraged objectivity, and reduced potential bias compared with a question about what patients would choose for themselves. 33, 34 Finally, several factors may limit the representativeness and generalizability of the preference results. The patient survey was administered within a few English-speaking countries and the physician survey was administered within a diverse range of countries, each with varying clinical and cultural practices. Both patients and physicians chose to participate in a clinical trial and had to satisfy the specific criteria. For these reasons, the sample may have preferences that differ from the underlying populations. 
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Conclusion
Preference surveys administered to trial participants and physician investigators of two phase-3, multinational clinical studies of LAI PP3M demonstrated that they appraised treatments primarily on the basis of improvement in positive symptoms. Both patients and physicians judged LAIs to be better than the oral formulation irrespective of patient's adherence, wherein physicians showed greater preference for the 3-month over 1-month LAI. Additionally, these results suggest the importance of determining patients' own preferences and physicians' judgments in regulatory decisions and, potentially, individual treatment decision-making.
